1. Introduction
===============

Acute appendicitis (AA) is the most common nonobstetric surgical emergency during pregnancy, with an approximate incidence of one in every 500 to 2000 pregnancies.^\[[@R1],[@R2]\]^ The reported rate of appendiceal perforation during pregnancy can be as high as 43%, compared with 19% in the general population. In addition, complicated appendicitis can lead to very poor outcomes, such as fetal loss; thus, patients with AA during pregnancy should immediately undergo appendectomy, regardless of gestation of the fetus.^\[[@R3]\]^ With the development of laparoscopic techniques, laparoscopic appendectomy (LA) has become the first choice for nonpregnant patients and has the advantages of less pain, shorter hospital stays and fewer wound infections than the open approach.^\[[@R4]\]^ On the other hand, according to the current guidelines and a meta-analysis, traditional open appendectomy (OA) is still recommended for pregnant patients over LA, which might be associated with higher rates of fetal loss.^\[[@R5]--[@R7]\]^ However, most of the included studies were small, and the selection bias was very high; therefore, whether LA should be chosen for pregnant patients is still under debate.

On the other hand, in some areas, Yinao (healthcare disturbance) is more likely to appear in pregnant women, such as those in China. To avoid Yinao, surgeons always choose the safest therapeutic approach for pregnant patients.^\[[@R8]\]^ According to multiple scholars' advice, Kirshtenin et al reported that LA is safest in the second trimester of pregnancy because the small size of the uterus makes it is less susceptible to traumatic injuries.^\[[@R9]\]^ Cohen-Kerem et al reported that LA performed during the first trimester is usually associated with a greater risk for fetal loss because of teratogenicity of medications and reduced uterine blood flow due to the pneumoperitoneum.^\[[@R10]\]^ Curet et al reported that the third trimester was previously regarded as a contraindication for LA because of the expected technical difficulties.^\[[@R11]\]^ According to the medical environment in China, LA might be safe in the second trimester of pregnancy. Therefore, LA was performed in pregnant patients during the second trimester in our institution.

The current study retrospectively investigated the perioperative and obstetric outcomes between LA and OA and aimed to evaluate the safety and feasibility of LA in pregnant women during the second trimester.

2. Methods
==========

2.1. Patients
-------------

All patients who were diagnosed with AA during pregnancy at our hospital (West China Hospital, Sichuan University, China) between January 2016 and August 2018 were initially screened. The inclusion criteria were pregnant women during the second trimester who underwent LA or OA with pathological reports that confirmed the diagnosis of AA. The exclusion criteria included the following:

1.  patients who intended to have an abortion after being discharged from the hospital;

2.  patients with incomplete or inaccurate obstetric outcomes;

3.  patients who underwent another abdominal operation before delivery; and

4.  patients with fetal loss during the hospital stay due to severe abdominal infection.

The clinical diagnosis of AA was obtained through the patients' medical history, physical examination, laboratory results, and ultrasounds. The Alvarado score, which is one of the most common scoring systems used for AA, was evaluated in all patients.^\[[@R12]\]^ An obstetrician routinely assessed the status of the mother and fetus before the operation and provided tocolytic treatment during the hospital stay. Regard to the surgical group, first of all, in our hospital every surgeon will explain the advantages and disadvantages of LA and OA to the patients. Then, the selection of LA or OA was decided by the surgeons based on the patient\'s condition and the skills of the surgeon. Finally, the patient\'s own choice will be given priority. Written informed consent was not required because of the anonymous nature of the data. This retrospective study was approved by the Ethical Committee of the West China Hospital.

2.2. Laparoscopic appendectomy technique
----------------------------------------

The patient was placed on the table in the supine position with her head tilted down by 20° and body tilted down by 30° to the left. Routinely, prophylactic antibiotics were provided intravenously for 30 minutes before the incision was made. LA was performed with the patient under general anesthesia, but no Foley catheter was inserted unless the operation time was over 2 hours. A conventional 3-port technique with a 30° angled camera was used in all patients. First, we used the Veress needle to establish a pneumoperitoneum and maintained the pressure at 12 mm Hg. Then, we inserted a 10 mm trocar supraumbilically, depending on the location of the uterus. The telescope was inserted through this route to initially evaluate the condition of the abdominal cavity. Then, another 10 mm trocar was inserted through the anti-McBurney point. At this time, the assistant changed the telescope route to the anti-McBurney point, and the chief surgeon used the first port to locate the appendix. Next, a 5 mm trocar was inserted at the location of the appendix, but sometimes we could not find the appendix using one hand; then, the 5 mm port was inserted at McBurney point. The locations of these 3 ports varied according to the gestation time (Fig. [1](#F1){ref-type="fig"}). The appendicular artery and stump were excised with Hemo locks, and the specimen was then placed in a Lap bag and removed through the umbilical port site. A drainage tube was placed on the left side of the stump if needed.

![Trocar placement for laparoscopic appendectomy. The locations of these 3 ports varied according to the gestational age.](medi-99-e21801-g001){#F1}

2.3. Definitions and outcomes
-----------------------------

This study focused on AA women during the second trimester. In China, the first, second and third trimesters were defined as gestational weeks 1 to 12, 13 to 28, and 29 to 42, respectively. The demographics and preoperative data included age, body mass index, gestation time at the operation, nulliparous count, temperature, white blood cell count, neutrophil ratio, Alvarado score, and previous abdominal surgeries. The American Society of Anesthesiologists physical status classification system was used to evaluate the patient\'s physical state before she underwent surgery. The perioperative outcomes included anesthesia time, operative time, type of anesthesia, blood loss, complications, pathology and total length of hospital stay. A gangrenous or perforated appendix was defined as complicated appendicitis. Regarding the financial outcomes, the total expense of the treatment included the hospital basic fee and the cost of the medications, surgery, and anesthesia. The obstetric and fetal outcomes were collected through a telephone follow-up and included fetal loss, delivery period, delivery type, and birth weight. Preterm delivery was defined as childbirth occurring before 37 completed weeks or 259 days of gestation, and postterm delivery was defined as childbirth beyond 42 weeks or 294 days, according to the World Health Organization and International Federation of Obstetrics and Gynecology.^\[[@R13]\]^ The purpose of this study was to evaluate the safety of LA in pregnant patients during the second trimester; thus, the primary outcomes were surgical complications, fetal loss and preterm delivery, and the secondary outcomes were other related parameters and financial outcomes.

2.4. Statistical analysis
-------------------------

Statistical analysis was performed using SPSS (version 25.0, SPSS Inc. Chicago, IL). Continuous variables with a normal distribution were expressed as the mean ± standard deviation (SD) and compared using independent Student *t*-tests. The other continuous variables were expressed as the median (range) and compared using Mann-Whitney *U* tests. Categorical data were expressed as the number (percentage) and compared using chi-square or Fisher exact tests, as appropriate. A *P* value \<.05 was deemed to be significant.

3. Results
==========

A total of 127 women with AA during pregnancy were identified between January 2016 and August 2018. Among these patients, 24 did not undergo surgery, and 46 pregnant women were in the first or third trimester. Moreover, 9 patients were excluded based on the exclusion criteria. Finally, the remaining 48 eligible patients were enrolled: 12 patients in the LA group and 36 patients in the OA group (Fig. [2](#F2){ref-type="fig"}).

![Flowchart of the included participants.](medi-99-e21801-g002){#F2}

The demographics and preoperative variables are summarized in Table [1](#T1){ref-type="table"}. All of the pregnant women were from China. There were no significant differences between the 2 groups in terms of age, gestation age, parous status, temperature, white blood cell count, Alvarado score, American Society of Anesthesiologists score or history of abdominal surgeries. However, interestingly, we found that the LA group had higher BMIs than the OA group (4.0 ± 4.3 vs 21.5 ± 2.9, *P* = .031).

###### 

Demographics and preoperative variables of pregnant women at second trimester undergoing laparoscopic or open appendectomy.

![](medi-99-e21801-g003)

The perioperative data and total hospital charges are shown in Table [2](#T2){ref-type="table"}. Generally, spinal anesthesia was provided for patients who underwent OA, but the anesthesia approach of 9 patients (25%) was switched to general anesthesia due to intolerable pain during the operation. Regarding surgery, the anesthesia time and blood loss volume were similar between the 2 groups. Although the operative time seemed shorter in the LA group than in the OA group, no significant difference was found \[52.5 (30--150) vs 80 (35--165), *P* = .066\]. The surgical-related complications were the primary outcomes in this study (0--30 days after operation). In the LA group, an intra-abdominal abscess developed in only 1 patient (8.3%), who was 23 years old at 24 gestational weeks. This patient was discharged from the hospital on the third day after surgery. At that time, the laboratory data were normal, and the abdominal symptoms nearly disappeared. Unfortunately, 2 weeks later, the patient developed a fever, and an abdominal cavity abscess was found; a miscarriage occurred during the anti-infective treatment. In the OA group, 3 patients had wound problems, 1 patient developed intra-abdominal abscess, and 1 patient developed pneumonia. All of these patients received routine anti-infective treatment and recovered well. A 30-year-old pregnant woman had a functional ileus with persistent abdominal distention, and the CT scan did not find any cause of the obstruction. Later, she was treated successfully by conservative treatment in the Department of Gastroenterology for 5 days. No significant difference was observed in the complication rate between the groups. We also performed a statistical analysis of the postoperative pathological types. Suppurative appendicitis was the most common type of AA in this study, accounting for 41.7% and 69.4% of the LA group and OA group, respectively. There was no significant difference in the composition ratio of the pathological types between the 2 groups. In developing countries, such as China, the patient\'s own choice in surgical approach is often affected by the cost of treatment. Therefore, we compared the total cost of hospitalization and cost per day between the 2 groups. As shown in Table [2](#T2){ref-type="table"}, the cost per day in the LA group was higher than that in the OA group (444 ± 107 US\$ vs 340 ± 115 US\$, *P* = 0.009). However, the total cost was similar between the 2 groups (1190 ± 286 US\$ vs 1184 ± 789 US\$, *P* = .979).

###### 

Perioperative and financial outcomes of pregnant women at second trimester undergoing laparoscopic or open appendectomy.
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The obstetric and fetal outcomes are shown in Table [3](#T3){ref-type="table"}. In each group, only 1 patient had fetal loss (8.3% vs 2.8%, *P* = .441). In regard to the delivery period, in the LA group, 1 patient (8.3%) suffered from preterm delivery, 10 patients (83.3%) gave birth at full term, and 1 patient (8.3%) had a postterm delivery. In the OA group, preterm delivery occurred in 1 patient (2.8%), and the remaining 35 women (97.2%) had normal deliveries at term. No significant differences were found. Similarly, there were no differences in the proportion of delivery types between the 2 groups. The birth weight and APGAR scores are very important indicators in assessing the condition of the newborn. For the former, the data between the 2 groups were equivalent (3230 ± 453 vs 3134 ± 377, *P* = .487). Unfortunately, for the latter, we were unable to obtain information on the APGAR score due to the limitations of the follow-up telephone interviews, and medical information is not networked in China. According to the telephone follow-up, we know that these newborns were very normal and there were no babies with birth defect, such as deformities or cerebral palsy.

###### 

Obstetric and fetal outcomes of pregnant women at second trimester undergoing laparoscopic or open appendectomy.
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4. Discussion
=============

Compared with other countries, the medical environment of China is very special. Most of the pregnant women and their husband in these years are single children due to 30 years of "one child policy" in China, which was just abolished at the end of 2015. Therefore, pregnancy has become a top priority for both families, leading to maternal patients becoming high-risk groups that can create medical disputes or medical problems. Hence, surgeons in China usually choose conventional OA for pregnant patients with AA to avoid potential Yinao (healthcare disturbance). However, the proven advantages of LA, which include less postoperative pain, better intraoperative visualization, better cosmetic results and so on, are very important for pregnant patients.^\[[@R14]\]^ It is very unreasonable to simply abandon LA. It is very necessary to develop a complete guide for surgical indications for LA in pregnant patients. In fact, gestation time is an essential factor for pregnant patients undergoing laparoscopic operation, but well-designed studies are lacking. For example, a recent Australian study reported that OA appears to be a safer approach than LA for pregnant patients with suspected appendicitis, but there were seven (5.6%) fetal losses in the LA group, 6 of which occurred in the first trimester.^\[[@R15]\]^ Thus, the results only could imply that fetal risk was very high for the patients in the LA group in the first trimester, and the study did not compare the outcomes of the patients in the second and third trimesters. In this study, only pregnant women in their second trimester were enrolled, and we compared the surgical, financial, obstetric and fetal outcomes between the LA and OA groups to assess the safety of LA.

The current results indicated that similar to OA, LA is a safe and feasible approach for pregnant women with AA during the second trimester. According to the Chinese standards, the definition of overweight and obesity is a BMI ≥ 24 kg/m^2^.^\[[@R16]\]^ The demographics data showed that the BMI was higher in the LA group, which had a mean BMI of 24 kg/m^2^, indicating that the women in the LA group are more likely to be overweight or obese than those in the OA group. This difference implies that surgeons tend to choose LA for overweight patients. The reason for this trend is due to the various advantages of laparoscopic surgery in obese patents, such as lower wound infection rates, decreased incisional hernia, and better surgical exposure.^\[[@R17],[@R18]\]^ The comparable perioperative and obstetric outcomes indicated that LA is suitable for overweight or obese pregnant women. Therefore, although sufficient data is still lacking, we believe that obesity should be considered a surgical indication for LA in pregnant women during the second trimester. In the future, we will continue to study LA and this issue separately.

The anesthesia time and operative time were similar between the 2 groups. This finding is consistent with previous studies and meta-analyses.^\[[@R5],[@R19],[@R20]\]^ However, Maimaiti et al recently reported a significantly shorter operative time in the LA group than in the OA group.^\[[@R21]\]^ In our study, we found that in the first 2 cases, the operative time was over 100 minutes; however, the operative time in the last 2 patients was shortened to only 30 minutes. This finding demonstrated that the effect of the learning curve on laparoscopic operations and that the accumulation of experience could significantly reduce the operative time.^\[[@R22]\]^ Whether LA has the advantage of a shortened operative time is still controversial, and more high-volume studies are needed to clarify this issue. The financial results showed that the average daily medical cost for patients who underwent LA was higher than that for patients who underwent OA, while the total cost of hospitalization was comparable between LA and OA. We believe that LA was associated with higher costs due to the need for more surgical devices and general anesthesia. The possible reason for the similar total charge is because the LA group had a shorter average hospital stay than the OA group, although there was no significant difference (2.83 ± 0.93 vs 3.78 ± 2.75, *P* = .253). A shorter hospitalization has been proved as an advantage of laparoscopic surgery. In our study, the lack of statistical differences may be due to our lack of experiences in LA postoperative management. In addition, due to pregnant women belong to a special patient group, surgeons may intentionally increase the length of hospital stay after surgery for safety. In China, economic factors always affect patient satisfaction and treatment decisions because the Chinese National Health Insurance only covers part of the costs; thus, the costs of some surgical instruments and medicines are borne by the patients themselves. Moreover, some patients do not even have insurance. Therefore, patients should be informed that the cost of LA surgery is higher due to the use of laparoscopic equipment and general anesthesia, but the overall cost of hospitalization is not much different.

The purpose of this study was to evaluate the feasibility and safety of LA in pregnant patients during the second trimester; therefore, the primary outcomes are the complication rates and obstetric/fetal outcomes. According to the results, the complication rates were very low, and there were no significant differences between the 2 groups. A previous study from Denmark reported that only 1 patient suffered from wound infections among 19 patients in the LA group; in contrast, 6 patients in the OA group developed complications.^\[[@R23]\]^ Although there was no statistically significant difference, no wound infections were found in the LA group, supporting the hypothesis that laparoscopic surgery has an advantage regarding wound problems. Moreover, minimal incisions have favorable cosmetic results, which cannot be ignored for female patients. Particularly among young mothers, tiny and unnoticeable incisions can give lead to a high degree of satisfaction. Regarding fetal loss, complicated was is associated with a risk of fetal loss, ranging from 3% in uncomplicated appendicitis up to 20% in cases of perforated appendicitis.^\[[@R24]\]^ Therefore, to better compare fetal loss, the proportions of complicated appendicitis in the 2 groups must be consistent. In our study, the rates of complicated appendicitis were 25% in the LA group and 13.9% in the OA group, which was not a significant difference. In these groups, we did not find a significant difference in the rates of fetal loss. Similarly, LA was comparable with OA in terms of the delivery period, birth weight and delivery type. Nevertheless, using CO~2~ for the pneumoperitoneum in a pregnant woman is worrisome. According to the latest Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) guidelines of the use laparoscopic techniques during pregnancy, CO~2~ insufflation of 10 to 15 mm Hg can be safely used for laparoscopy in the pregnant patients.^\[[@R25]\]^ However, some surgeons argued that insufflation less than 12 mm Hg may not provide adequate visualization of the intraabdominal cavity.^\[[@R26],[@R27]\]^ In our study, the pressure was maintained at 12 mm Hg, which we considered to be very safe and reasonable. Thus, our study demonstrated that LA can be performed safely during the second trimester with good maternal and fetal outcomes.

In China, a safe operation not only means that the operation itself is safe and reliable but also that the treatment that does not lead to disagreements between the doctors and patients. The results of our study provide evidence that Chinese surgeons have reason to choose LA for pregnant patients during the second trimester. The advantages of existing laparoscopic techniques for surgery can allow more women in the second trimester, especially obese pregnant women, to achieve better treatment results and satisfaction than they could with open approaches.

Although this study was conducted in China, there are several reasons support our experiences could be applied in other countries. First, among hospitals in developed countries or top centers in developing countries, LA is a standard and matured surgical approach for AA patients. Surgeons coming from these hospitals have enough techniques and experiences to perform LA for pregnant patients during the second trimester. Second, our study provided satisfied perioperative and obstetric outcomes in LA group, and the relationship between doctors and patients in other countries is very good. Thus, we think choosing LA for pregnant patients during second trimester is allowable and reasonable in other countries. Third, our results showed LA is very safe and feasible for obese patients. Like China, in some other areas or counties where overweight or obese young patients are very common, so surgeons in these areas choose LA for those patients are justified.

There are several limitations in the current study. First, retrospective studies are associated with inevitable selection bias and follow-up bias. Second, the number of patients in this study is relatively small since the inclusion criteria are limited to pregnant women during the second trimester. Moreover, as mentioned earlier, these patients have a high risk of "Yinao"; thus, old surgeons are not willing to perform LA. Our hospital represents a top-level hospital in China but only began to perform LA in 2016. In addition, because of the ethical protections for pregnant women in clinical trials, a randomized control study is difficult to conduct. Nevertheless, the most important finding of our study is that LA is a safe surgery and is associated with equal operative and obstetric outcomes for pregnant patients during the second trimester compared with OA.

In summary, based on this study, LA is comparable with OA in the second trimester. No "Yinao" was found in any of the patients in the LA group, indicating that LA is a safe and feasible surgical approach in China. Within the proven advantages of better surgical visualization, better cosmetic results, less wound problems, and less pain than OA, LA could improve the satisfaction of pregnant patients in their second trimester, especially overweight or obese young patients. We hope our study will allow more surgeons from Chinese or other countries to try to perform LA in the second trimester. According to the current guidelines, OA is still the preferred recommended procedure for pregnant women. In the future, LA could be the first choice for AA patients during the second trimester, and well-designed prospective trials are needed to address this controversy.
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